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MARKED-UP SUBSTITUTE SPECIFICATION 

DQCoriDt i on T ITLE OF THE INVENTION 

METHOD AND COMPUTER PROGRAM COMPRIS I NG PROGRAM CODE MEANS, AND 
COMPUTER PROGRAM PRODUCT FOR ANALYZING THi-EFFECTIVENESS OF A 

PHARMACEUTICAL PREPARATION 

CROSS REFERENCE TO RELATED APPLICATIONS 

roOQIl This application is based on and hereby claims priority to German Application No. 
102 366 30.6 filed on August 9, 2002. the contents of which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Inyention 

[0002] The invention relates to an analysis of the effectiveness of a pharmaceutical 
preparation or medical preparation. 

2. Description of the Related Art 

[0003] An analysis of the effectiveness of a new medical preparation or new medicine as part 
of an approval procedure is known from-17 ^ Arzneimittelforschunq und -entwickluno (Pharma- 
ceutical research and development), available on August 06, 2002 at the medicine worldwide 
website in Germany (www.m-ww.de) on the pages devoted to "Pharmakoloaie Pharmafor- 
schung" . 

[0004] During an approval procedure of this kind the new medicine requiring approval passes 
through different (test) phases, phase 1 to phase 3, within which the effectiveness of the new 
medicine requiring approval in combating a specific disease has to be demonstrated. A further 
object of an approval procedure of this kind is to examine side-effects of the new medicine 
requiring approval as well as to test the effectiveness of the new medicine requiring approval in 
comparison with other similarly effective medicines. 

[0005] The effectiveness tests are mostly conducted on the basis of studies carried out on 
test participants to whom the new medicine requiring approval is administered. The 
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effectiveness of the new medicine is assessed on the basis of results from interviews, 
psychological tests and behavioral studies that are conducted with the test participants. 

[0006] A disadvantage with effectiveness tests of this type is that they only provide or permit 
a qualitative assessment of the effectiveness of the new medicine, and furthermore this 
assessment is characterized by a high degree of subjectivity. 

[0007] An analysis of neuronal activities in neuronal sites, in this case neuronal or nerve 
structures in areas of a patient's brain, is known from-te ^ A. R. Mcintosh et aL. Structural 
Equation Modeling and Its Application to Network Analvsis in Functional Brain Imacina. Human 
Brain Mappino. 2:2-22, 1994 . 

[0008] Knowledge of the principle of operation of a neuronal site as well as of the interaction 
of neuronal sites is fundamental to a functional magnetic resonance tomography or fMRI 
(functional Magnetic Resonance Imaging) technoloQv43 ^ as described in. e.g.. A. W. Toga and 
J. C. Maziotta (publisher). Brain Mapping: The Methods, chapter 9. M. S. Cohen. "Rapid MRI 
and Functional Applications". Academic Press. 1996. pp. 223-255 , which is a further 
development of the known magnetic resonance tomography. 

[0009] The previously known magnetic resonance tomography (MR for short) is an image- 
generating technique which generates cross-sectional images of the human body without the 
use of harmful X-ray radiation. 

[0010] Instead, MR takes advantage of the behavior of bodily tissue when exposed to a 
strong magnetic field. This enables pathological changes in the bodily tissue, for example in the 
brain or spinal cord, to be detected. 

[001 1] Functional disturbances in the bodily tissue, more particularly in the brain of a patient, 
cannot be detected using oonvont i ona l known magnetic resonance tomography, however. 

[0012] Functional magnetic resonance tomography, or fMRI technology, a further 
development of MR. could help solve this problem. 

[0013] Using fMRI technology, the neuronal activity in areas of the brain of a patient can be 
measured indirectly. The variable measured in this case is what is known as the BOLD (Blood 
Oxygenation Level Dependent) signal in individual areas of the brain, which signal is related to 
the neuronal activity in the respective areas. 
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[0014] Between the neuronal activities in the sites there exist dependencies, including 
structurally related dependencies, that is to say dependencies which arise, among other things, 
from structures in the brain, i.e. from neuronal linkages between nerve cells or nerve structures. 

[0015] The result of the fMRI measurements shows the progression of the activity of 
individual neuronal sites over a certain period of time, for example during cognitive processes 
as a result of certain perception processes or motor tasks. 

[0016] Functional disturbances, in this case in the brain, are therefore implicitly contained in 
the measured fMRI signals. 

[0017] Previously known methods for analyzing the fMRI measurements enable functional 
relationships between different brain sites to be detected during specific, predetermined tasks, 
such as the cited perception processes or motor tasks, which functional relationships are 
referred to as functional connectivity. 

[0018] A known analysis method of this kind for detecting functional connectivity, termed 
"Structural Equation Modeling" (SEM), is disclosed for example \n- m the article bv A. R. 
Mcintosh et al. cited above . A further such SEM is described below. 

[0019] The purpose of eaid-the below-described analysis method is the above-described 
detection of functional connections between different brain sites during certain perception 
processes or motor tasks, in short the derivation of functional neuronal structures associated 
with special tests. 

[0020] This known analysis method is based on a predefined model of a brain, i.e. a 
predefined brain architecture. 

[0021] This brain architecture predetermined a priori Uom a prior knowledge defines general 
functional and/or spatial dependencies between certain brain sites in the form of a so-call 
correlation matrix S. 

[0022] The correlation matrix S has a defined (column/row) form or structure corresponding 
to the predetermined brain architecture and is accordingly occupied at certain (matrix) positions 
by so-called correlation strengths Sj. 



3 



[0023] These correlation strengths Sj describe functional dependencies in each case 
between two brain sites or. as the case may be, between the BOLD signals measured there and 
representing the neuronal activities there. 

[0024] With this known analysis method the (variable) correlation strengths S\ are now 
determined in such a way that statistical indicators which are derived from the f MR! 
measurements by moans of t his analysis method can be explained in the most meaningful 
manner. To put it another way, the sought correlation strengths Sj are intended to be used to 
maximize a probability for an occurrence of the measured data, i.e. the fMRI measurement or 
the BOLD signals. 

[0025] With this known analysis method a data point s=st represents an averaged totality of 
all BOLD signals s1 , sN of the individual n sites at a time t or over a time interval t (t=[1 ;T|). 

[0026] The fMRI measurement comprisoc has a plurality of such data points which 
characterize possibly different perception processes and/or motor tasks for which the 
corresponding BOLD signals were measured. 

[0027] With the known analysis method, instead of the individual data points s1 , s2, sT 
being analyzed directly, statistical indicators which are derived from said-the data points are 
evaluated. 

[0028] For a statistical distribution of the data points s1 , s2 sT, it is assumed that said-the 

distribution is fully described by a multivariable normal distribution, i.e. a first-order statistical 
distribution, having an average value m and a covariance Z: 



(1) 



[0029] For sufficiently long measurement series, the occurrence of the individual data points 
si from s1, s2, sT can be considered statistically independent. 

[0030] The probability P=P(s1 ..... sT|m,I) for an occurrence of all the measured data points 
si , sT can accordingly be written as: 
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• e 2 ,,2) 



[0031] In this case the unknown variables, the average value |j and the covariance I, are 
dependent exclusively on a (brain) model which describes the measurennent data. 

[0032] The model assumes a linear statistical connection between the individual BOLD 
signals: 



7=1 



Si = ^SjjSj +£i flir J = 1 r . . • f N 



or 



s^Ss-i-s (3) 

where e describes the external influence on the individual BOLD signals, such as a sensory 
input by sensory cells onto the sites of the brain that are being examined. 

[0033] The influencing variables ei and £j affecting different sites i and j can be entirely 
correlated in this case. 

[0034] Accordingly the model parameters to be specified are the correlation strengths Sj of 
the underlying correlation matrix S, the average value |j£ of the external influence s and the 
covariance Is of e. 

[0035] On these depend the average value |j and die covariance I: 
M=M(S,Me) 

1-2(5,1^) (4) 
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[0036] With the known analysis method the model parameters are now determined in such a 
way that the probability P=P(s1. .... sT||j,I) given in (2) is maximized for the occun-ence of the 
measurement data. 

[0037] A method (optimization) of a known Maximum Likelihood Estimation W ^s described 
in e.g.. T W. Anderson. An Introduction to Multivariable Statistical Analysis, chapter 3. John 
Wiley & Sons. Inc.. New York. London. Sydney. 1994. pp. 44-57, is applied for this purpose. 

[0038] Using the connections (4) in (2) yields an expression which is dependent on the 
correlation strengths Sj, the average value pe and the covariance Iz and which is maximized as 

a result of the optimization. 

[0039] The optimization then leads to the sought correlation strengths Sj between the BOLD 
signals. 

[0040] These in turn then enable the detection of functional connections between different 
brain sites during certain perception processes or motor tasks (functional connectivity). 

[0041] A software tool for an fMRI analysis method, an *fmri.pro", is known from-f4}_the 
description of the software mri.pro" that performs quantitative fMRI analysis, available on 
September 07. 2001. at www.med.uni-muenchen.de . A device for performing the fMRI 
technique is known from4& [ the description of an fMRI device, available on September 07. 2001 . 
at www.unipublic.unizh.ch/campus/uni-news/2001/0147/fmri.html . 

SUMMARY OF THE INVENTION 

[0042] The-An obiect of the invention is to specify a method for analyzing and assessing the 
effectiveness of a pharmaceutical preparation, said-the method enabling a quantified and 
objectivized evaluation of the effectiveness of eaid -the p harmaceutical preparation. Th i s object 
i s ach ie ved by tho method and by the computer program compr i sing program code moans and 
th e computer program product for ana l yzing tho offoct i v e n e ss of a pharmac e ut i ca l preparat i on 
having th e featur e s recit e d in the resp e ctive independ e nt cla i m. 

[0043] With the method for analyzing the effectiveness of a pharmaceutical preparation on a 
neuronal structure, which neuronal structure is described using correlation variables which 
describe a functional connection between neuronal sites of the neuronal structure, the neuronal 
structure is exposed to the influence of a pharmaceutical preparation. 



6 



[0044] Signals are measured which describe neuronal activities in the neuronal sites of the 
neuronal structure that is exposed to the influence of the pharmaceutical preparation. 

[0045] These signals are evaluated using a statistical method, with changed correlation 
variables being determined for the neuronal structure that is exposed to the influence of the 
pharmaceutical preparation. 

[0046] The changed correlation variables describe the effectiveness of the pharmaceutical 
preparation. 

[0047] In this context the pharmaceutical preparation is understood to mean any type of 
chemical agent that is suitable for influencing the activity in a neuronal structure or of acting on 
the neuronal structure, for example pharmaceuticals for treating mental illnesses such as 
depression or Alzheimer's or for treating other physical ailments. 

[0048] Effectiveness also implies not only an active strength, and therefore effectiveness in 
the narrower sense, but in addition a fundamental active principle of the pharmaceutical 
preparation, such as, for example, a place where it is active, complex interactions, in particular 
when there are multiple places of activity, active concepts and strategies, side-effects, as well as 
other influenced peripheral structures. 

[0049] Thus, the following, for example, are implicitly contained in the changed correlation 
variables or can be read directly or indirectly therefrom: 

- the degree or level of the influence or effectiveness of the pharmaceutical preparation, 

- the place of activity or combined places of activity within the neuronal structure, 

- uninfluenced regions within the neuronal structure. 

[0050] Seen clearly, the analysis and assessment of the effectiveness of a pharmaceutical 
preparation are based on an identification and evaluation of an activity pattern of a neuronal 
structure of a test participant, for example in a specific treatment state. 

[0051] In this case an activity pattern is evaluated using a statistical method such as 
structural equation modeling, or SEM for short, which generates statistical characteristics or 
indicators such as the correlation variables. These characterize a complex excitation state of 
the neuronal structure and thus permit the evaluation and assessment of the effectiveness of 
the pharmaceutical preparation. 
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[0052] During the evaluation of an activity pattern a neuronal model of the neuronal structure 
is generated which is mirrored in a structure of the correlation variables. 

[0053] An aspect of the analysis method according to the invention that reveals itself as 
particularly advantageous is that it allows a quantitative evaluation of the effectiveness of a 
pharmaceutical preparation, specifically through the statistical characteristics or indicators such 
as the correlation variables. 

[0054] A further advantage with the analysis method is that it enables an identification of 
global neuronal mechanisms that are influenced or, as the case may be, caused by the 
pharmaceutical preparation, e.g. the activity, the connectivity or a modulation of neuronal 
structures. 

[0055] This also enables the testing of the medicine during the clinical phases to be carried 
out quantitatively, more efficiently, more systematically and more quickly, as a result of which 
cost savings in the clinical trialing of the medicine and a shortening of the *1ime to markef can 
be achieved. 

[0056] Tho invent i v e A_computer program compr i sing program codo moanc i c ombodiod to 
according to an aspect of the invention p erforms a ll stops accord i ng to t he inv e nt i v e analysis 
method described herein w hen the program is executed on a computer. 

[0057] The-A_computer program product compris i na prooram oodo m e ans according to an 
aspect of the invention may be s tored on a machine-readable medium i s e mbodi e d t o perform 
a ll stops according to t he i nv e nt i v e a nalysis method described herein w hen the program is 
executed on a computer. Tho comput e r program compr i cing program cod e moans, embod i ed 
to perform al l steps accord i ng to tho i nv e ntiv e ana l ys i s m e thod when tho program i c execut e d 
on a comput e r, and tho computer program product compr i sing program cod e m e ans stor e d on a 
machin e- r e adab le med i um, e mbodied to perform a ll st e ps accord i ng to th e i nventive ana l ys i s 
m e thod whon tho program i s e xecuted on a comput e r, are particu l arly su i ted to perform i ng tho 
i nv e ntiv e analysis m e thod or ono of i ts dovolopmonts, which latter ar e exp l ained b el ow. 
Pr e f e rr e d developments of th e i nvention wi ll bocome appar e nt from th e d e pend e nt c l a i m s . 

[0058] The developments described hereinafter relate both to the method and to the 
computer program^ comprising program oodo moans a s well as the computer program product. 
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[0059] The invention and the developments described in the following can be implemented 
both in software and in hardware, for example using a special electrical circuit. 

[0060] Furthermore an implementation of the invention or a below-described development is 
possible by moane of using a computer-readable storage medium on which the-a_computer 
program compr i eing program codo m e anc wh i ch oxooutos the invent i on or dovolopmont is 
stored. 

[0061] The invention or any development thereof described below can also be implemented 
by moans of a computer program product which has a storage medium on which t^=^e-a_computer 
program oompr i cing program cod e m e anc wh i ch oxooutos tho inv e nt i on or dev e lopment is 
stored. 

[0062] In one development the signals are evaluated using a method based on structural 
equation modeling (SEM), wherein the changed correlation variables are determined. A SEM 
method is known from46 1 the article by A. R. Mcintosh et al. cited above . 

[0063] Furthermore the signals, which can be analog or digital signals, are determined by 
measurement, for example by measurement of BOLD signals, or alternatively they can also be 
read in from a memory and/or from a storage medium or from a D/A converter. 

[0064] In one embodiment the neuronal sites are brain areas of a test participant. 

[0065] The invention or its developments can also be used in the context of or in combination 
with an fMRI technology. In this case BOLD signals of a test participant are measured in the 
fMRI phase. Said -The signals are then evaluated using the statistical method. 

[0066] The-A_method according to the invention or procedures derived therefrom afe -mav 
also be performed repeatedly in effectiveness studies, in particular long-term studies, of 
medicines. This usually happens in longer running test series. 

[0067] Test series in general or effectiveness studies in general for studying pharmaceutical 
preparations are common and generally known. 

[0068] In a first type of test series, the inventive procedure or procedures derived therefrom 
are performed in each case with different pharmaceutical preparations which are suitable for 
treating a specific illness. In this way it is possible to compare different pharmaceutical 
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preparations quantitatively with one another with regard to their treatment efficacy and/or to test 
them against one another. In this case this is done by comparing the determined correlation 
variables of the individual tests. 

[0069] At the same time the preparations compared with one another or tested against one 
another can be totally different preparations or else only differ in their material composition, for 
example such that active agent proportions in a preparation are increased or reduced. 

[0070] It is also possible that at least one of the different preparations is a placebo. 

[0071] In a different, second type of test series, the inventive procedure or procedures 
derived therefrom are likewise performed a numb e r plurality of times, with the neuronal structure 
in the multiple iterations being exposed to the influence of the same pharmaceutical preparation 
in each case. In this case each of the multiple iterations differs in terms of the duration of the 
influence of the pharmaceutical preparation on the neuronal structure. 

[0072] By th i s m e ans A s a result, t he effect of a pharmaceutical preparation over time can be 
traced. In this case, too, the correlation variables determined from the measurements or signals 
of the respective moments in time are again compared with one another. 

[0073] Furthermore the inventive procedure is also suitable for comparing totally different 
pharmaceutical preparations with one another, i.e. pharmaceutical preparations developed for 
different treatment purposes. This enables, for example, identical or similar active concepts to 
be identified in preparations which, per se, are completely different. Thus, for example, the 
same or similar activity patterns that are reflected in corresponding correlation variables can 
indicate identical or similar active concepts. 

[0074] In order to increase the reliability of the results of analyses it is useful to use 
statistically averaged signals, obtained from signals mostly from a number of different test 
participants, as the signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0075] Afv -These and other objects and advantages of the present invention will become 
more apparent and more readily appreciated from the following description of exemplar/ 
embodiment of th e invont i on i e i ll ustrat e d i n f i gures and w ill be oxplainod further below. , taken in 
coniunction with the accompanying drawings of which: 
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Figure 1 is a perspective view of a device for performing an f MRI scan according to an 
exemplary embodiment, 

Figure 2 ls.a flow diagram compris i ng mothod stops during an analysis of BOLD signals 
according to an exemplary embodiment, 

Figure 3 is.a drawing accord i ng to symbolic flow diaoram of a n exemplary embodiment 
which describes a procedure for determining the effectiveness of a pharmaceutical preparation 
using an fMRI. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0076] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 

Exemplary embodiment: Assessment of the effectiveness of a pharmaceutical 
preparation using functional magnetic resonance tomography imaging (fMRI) 

[0077] Fig. 3 shows in a schematic representation the procedure or the conceptual 
interaction of different functional components in determining and evaluating the effectiveness of 
a pharmaceutical preparation using functional magnetic resonance tomography imaging (fMRI). 

[0078] Fig. 3 shows a device 31 0 for performing functional magnetic resonance tomography 
imaging (fMRI for short), a functional magnetic resonance tomograph 310 (of. Fig. 1, 100). 

[0079] By moans of Using t he magnetic resonance tomograph 310, neuronal activities 321 in 
sites 322 of a brain 323 of an individual or a patient are measured 311 and analyzed 312. 
Normally, a medical diagnosis is then derived from the resulting data. 

[0080] In this case, however, as will be described below, the analysis results 340 of the fMRI 
are used for evaluating the effectiveness of a newly developed pharmaceutical or a new 
medicine 350. 

[0081] The medicine to be evaluated in this case is a newly developed drug 331 for the 
treatment of Alzheimer's disease. 

[0082] The evaluation of the drug 331 is carried out as part of a clinical study 330. A study of 
this kind within the context of an approval procedure for a new medicine and a basic method of 
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proceeding in such a study, in particular how to handle test participants and the administering of 
test preparations, are known frorrv ffl the medicine worldwide web page cited above . 

[0083] The present study compr i cos has t wo stages: 

[0084] In stage 1 , two groups of individuals, namely selected Alzheimer patients and healthy 
test participants, are tested against each other, with the new drug being dispensed neither to the 
Alzheimer patients nor to the healthy test participants. 

[0085] 'Tested" in this context means that all the participants in the study are subjected in 
turn to an fMRI scan. The fMRI measurements obtained from the two groups are evaluated as 
described below, with so-called correlation variables being determined along with other 
information. 

[0086] On the basis of the results, in particular of said-the correlation variables, structural 
and/or functional differences in the brains of the Alzheimer patients are determined as 
compared with those of the healthy test participants. 

[0087] Stage 2 of the study is now performed only with the Alzheimer patients. Preparations 
330 are administered to said-the patients, whereby some of the preparations are the new drug 
331 , whereas the others are a placebo 332. 

[0088] After the preparations 330 have been administered, further fMRI measurements are 
carried out on the Alzheimer patients 311 , except that this time those Alzheimer patients to 
whom the new drug was administered are tested against the recipients of the placebo. 

[0089] These further fMRI measurements are evaluated in the same way as in stage 1 , with 
the correlation variables also being determined once again. 

[0090] On the basis of these results, changes in the brains of the Alzheimer patients treated 
with the drug are determined compared to those of the recipients of the placebo. 

[0091] In this case the level and type of changes, i.e. the level and type of the changes in the 
values of the correlation variables, indicate a quantifiable effect or the effectiveness of the drug 
being tested. 

[0092] Thus, for example, significant changes in the correlation variables point to a high 
degree of effectiveness of the test preparation. Since correlation variables are directly related to 
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local brain sites, conclusions can also be drawn about specific active places in the brain. 
Positive, i.e. healing, effects are reflected in changes in correlation variables in the direction of 
the correlation variables of healthy test participants. 

[0093] It should be noted that during the fMRI measurements carried out, the test individuals 
have to perform complex cognitive tasks and/or motor tasks. 

[0094] Fig. 1 shows the device 100 for performing functional magnetic resonance 
tomography imaging (fMRI), a functional magnetic resonance tomograph 100 (Fig. 3, 310). 

[0095] The basic principles of fMRI technology, which is a further development of the known 
magnetic resonance tomography, are known from-f3 1the chapter on "Rapid MRI and Functional 
Applications by M. S. Cohen cited above . 

[0096] The magnetic resonance tomograph 1 00 compricoc includes a closed tube 1 1 0 which 
is inserted into a magnet 120 in such a way that the latter generates a strong magnetic field in 
the tube 110. 

[0097] The magnetic resonance tomograph 1 00 further oomprisos includes a patient table 
130 which can be moved into the tube 110 and on which a patient is placed during an 
examination. 

[0098] In addition the magnetic resonance tomograph 100 compr i sos i ncludes a control 
device 131 which enables the patient table 130 to be monitored and controlled during the 
examination, allowing, for example, a controlled introduction of the patient table 130 into the 
tube 120. 

[0099] As further components, the magnetic resonance tomograph 1 00 compr i coc includes a 
measuring device 140 for measuring BOLD (Blood Oxygenation Level Dependent) signals, an 
associated evaluation device 141 for evaluating the measured BOLD signals, in this case a 
high-performance computer, and also a control and/or interaction device 142 for operating 
personnel as well as a display device 143 for displaying the results of an examination. 

[00100] The components of the magnetic resonance tomograph 1 00 are functionally 
interconnected, for example by moans of signal or data lines 150 via which data and signals can 
be transmitted. 
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[00101] The functional magnetic resonance tomograph 100 shown in Fig. 1 operates on the 
basis of fMRI technology and enables the neuronal activity in areas of the brain of a patient to 
be measured and analyzed and a diagnosis to be derived therefrom. 

[00102] Toward that end the measuring device 140 is used to measure the BOLD (Blood 
Oxygenation Level Dependent) signal in discrete, selected areas of the brain of the patient, 
which signal is related to the neuronal activity in the respective area. 

[00103] The results of such fMRI measurements show the progression of the activity of the 
individual brain areas over a certain period, for example during cognitive processes as a result 
of specific perception processes or motor tasks which are to be performed by the patient during 
an examination. 

[00104] Irregularities, such as functional disturbances, in the brain of the patient are thus 
implicitly contained in the measured fMRI signals. 

[00105] The evaluation device 141 which provides or performs a new analysis method is used 
to analyze the fMRI measurements, i.e. the BOLD signals measured in individual areas of the 
brain. 

[00106] In this case this new analysis method represents an improved further development of 
the known analysis method described above and based on structural equation modeling-fejjthe 
article bv A. R. Mcintosh et al. cited above . 

[00107] With the new analysis method the brain activity is determined in the form of 
corresponding activation patterns in the examined areas in the brain and/or connections 
between activation patterns in the examined areas and from this conclusions are drawn directly 
about "normal" activity patterns or excitation states in the brain and also about functional 
disturbances in the brain and their causes. 

[00108] The new analysis method provided by the evaluation device 140 is based on an 
extended and more flexible model of the brain, the neuronal structures in the brain and their 
behavior, in particular their interaction (Fig. 3. 340), on the basis of which the measured BOLD 
signal is analyzed and evaluated. 

[00109] Basics of the new analysis method and the model are explained below. 
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[00110] The results of or conclusions drawn from an examination are displayed on the display 
device 143 and can be processed further using the control and interaction device 142 in 
combination with the evaluation device 141 . They also serve as a basis for a medical diagnosis 
as well as for the assessment of the effectiveness of a medicine (cf. Fig. 3). 

Basics of the new analysis method (Fig. 2, 6teps-210 to 250) 

[001 11] It is pointed out that the new analysis method is an improved further development of 
the old analysis method described above. It therefore applies in the following that - unless 
stated to the contrary - old and new analysis method are consistent for these parts. If consistent 
parts are mentioned explicitly, they have the above previously used designation. 

[00112] Using the new analysis method 200, the fMRI measurements (210), i.e. the BOLD 
signals in examined brain areas of a patient, are analyzed (210 to 250) and/or compared with 
reference fMRI measurements. This enables immediate conclusions to be drawn about 
"normal" activity patterns or excitation states in the brain and also about functional disturbances 
in the brain being examined and their causes. 

[001 13] The new analysis method 200, which generates statistical indicators such as 
statistical correlations between fMRI measurements in different brain areas, is based on an 
extended and more flexible mathematical model (220) of the brain (cf. Fig. 3, 340) based on the 
known mathematical model according to (3). 

[00114] With this extended model (220) of the new analysis method, the correlation matrix S is 
occupied by variable correlation strengths S\ at all (matrix) positions. 

[001 15] With the new analysis method 200, this time all - because also variable - correlation 
strengths Sj are determined such that statistical indicators which are determined from the fMRI 
measurements can be explained in the most meaningful way (210 to 250). 

[00116] A data point s=st represents the totality of all BOLD signals si , sN of the individual 
n examined areas at a time t (or averaged over a time interval t) (t= [l;T]). 

[001 17] The fMRI measurement oomprisoe uses a plurality of such data points s1 , s2, sT 
for different perception processes and/or motor tasks for which the corresponding BOLD signals 
were measured. 
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[00118] In contrast to the old known analysis method, in which a multivariable normal 
distribution was assumed for the statistical distribution of the data points, with the new analysis 
method 200 a weighted total of normal distributions is assumed for the statistical distribution 
(220). 



[001 19] In this case the chosen statistical distribution and therefore also the correspondence 
of the probabilities P=P(s|C1 , CL, ^1 , ^L, 11 , ZL) (230) (cf. (2)) for the occurrence of 
the measured data points s1 , s2, sT are dependent on more or different parameters than the 
average value \i and the covariance £ of the old known analysis method. 

[00120] With the new analysis method 200, certain statistical variables which can be 
calculated for the chosen statistical distribution are now placed in relation to the model 
parameters, i.e. the correlation strengths Sj, the average value ^le of the external influence \i 

and the covariance 2e of e. 

[00121] These include, among others, the average values ^1 , ^iL, the covariances Z1 , 
ZL and all moments and cumulants of the chosen higher-order distribution. 

[00122] This results in an implicit relationship between the parameters of the statistical 
distribution and the model parameters to be determined, in this case taking account of the 
distribution (5) and the extended model based on the model according to (3). 

Z = S(C| >Cf^,f4\,.,., Ml^^i 2^ ) 



(6) 
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[00123] As with the old known analysis method, in the new analysis method 200 the optimal 
model parameters are now determined in an analogous manner using the maximum likelihood 
estimation i Win Chapter 3 of T W. Anderson, cited above) by optimization or maximization of 
the probabilities (5) (240). 

[00124] The basic principles of maximum likelihood estimation are described in-14 4 Chapter 3 

of T. W. Anderson (cited above) . 

[00125] The parameters to be taken into account for the optimization process are the 
parameters of the chosen higher-order statistical distribution, in this case the weighted total of 
normal distributions, the sought model parameters and the statistical variables, in this case the 
average value and the covariance 2 from (6) via which the relationships between the model 
parameters and the statistical distribution (5) were established. 

[00126] The relationships from (6) are to be taken into account as subsidiary conditions during 
the optimization. 

[00127] The optimization then leads to the sought correlation strengths Sj which describe 
dependencies between the BOLD signals (s50) and are the basis of the further evaluation, such 
as in this case the assessment of the effectiveness of a medicine (250). 

[00128] The invention has been described in detail with particular reference to preferred 
embodiments thereof and examples, but it will be understood that variations and modifications 
can be effected within the spirit and scope of the invention covered bv the claims which mav 
include the phrase "at least one of A. B and C" as an alternative expression that means one or 
more of A. B and C mav be used, contran/ to the holding in Superauide v. DIRECTV. 
69 USPQ2d 1865 fFed. Cir, 2004). 

Tho fol l ow i ng publ i cations aro quotod i n tho cont e xt of th i o document: 

m T. W. Andorcon, An Introduction to Mult i variablo Stat i ctica l Analycic, chapter 3, 

John Wi l oy & Sons, Inc., Now York, London, Sydnoy, 199^ 

{2] Samuol Kotz, Norman L. Johnson (Ed i tors I n - Ch i ef), Corn i sh Fichor and 

Edg e worth Expansions, chapt e r 4 , pag e s 188 - 192, Encyclop e dia of Statictical Scioncoe, 
Vo l umo 2, John W i loy & Sons, 1982 
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\S\ A. W. Toga and J. C. Maziotta (publichor), "Brain Mapp i ng: Tho Mothods", 

chaptor 0: M. S. Cohon: "Rap i d MR ! and Functional App li cations", Acadomio Prose 1006 

f4] Doscript i on of a softwaro so l ut i on 'Imr i .pro" for quant i tativo fMRI ana l ysis, 

ava i lab le on S e pt e mber 07, 2001, at http://www.mod.un i- mu e nchon.do/rad i n/html/ 
arbo i tsgruppon/fmri/ccfmri.html 

\S\ Doscript i on of an fMR I dovico, ava il able on S e ptember 07, 2001, at 

http://www.unipub li c.unizh.ch/campu6/un i- nows/2001 /01 ^7/f mri.html 

{6] A. R. Mcintosh ot a!., Structura l Equat i on Mode li ng and I ts App l ication to Network 

Ana l ys i s i n Functional Bra i n Imag i ng, Human Brain Mapping, 2:2 - 22, 199^ . 

{7] Pharmac e ut i cal res e arch and deve l opment, ava il ab le on August 06, 2002, at 

http://www.mww,de/pharmakolog i e/pharmaforschung/ind e x.htm l 
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ABSTRACT 

METHOD FOR ANALYZING EFFECTIVENESS OF PHARMACEUTICAL PREPARATION 



The activity of a pharmaceutical preparation or medicament on a neuronal structure is 
analyzed by subjecting a neuronal structure to the influence of a pharmaceutical preparation. 
Signals describing neuronal activities in the neuronal structure under the influence of the 
pharmaceutical preparation are detected and statistically evaluated to determine indicators for 
the neuronal structure under the influence of the pharmaceutical preparation. The indicators 
describe the activity of the pharmaceutical preparation. 
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